Polyglutamine-expanded ataxin-3 impairs long-term depression in Purkinje neurons of SCA3 transgenic mouse by inhibiting HAT and impairing histone acetylation.
Our previous study using a transgenic mouse model of spinocerebellar ataxia type 3 (SCA3) reported that disease-causing ataxin-3-Q79 caused cerebellar malfunction by inducing transcriptional downregulation. Long-term depression (LTD) of parallel fiber-Purkinje neuron glutamatergic transmission is believed to be a cellular mechanism for motor learning and motor coordination in the cerebellum. Downregulated mRNA expression of calcineurin B, IP3-R1, myosin Va and PLC β4, which are required for the induction of cerebellar LTD, led to an impairment of LTD induction in Purkinje neurons of SCA3 transgenic mouse. Our study suggested that ataxin-3-Q79 caused hypoacetylation of cerebellar histone H3 or H4 by inhibiting the activity of histone acetyltransferase (HAT) without affecting the activity of histone deacetylase (HDAC). Consistent with the hypothesis that hypoacetylated H3 or H4 histone associated with promoter regions of downregulated genes is the molecular mechanism underlying ataxin-3-Q79-induced transcriptional repression, chromatin immunoprecipitation-quantitative real-time PCR analysis showed hypoacetylation of H3 or H4 histone associated with the proximal promoter of downregulated calcineurin B, IP3-R1, myosin Va or PLC β4 gene in the cerebellum of SCA3 mouse. HDAC inhibitor sodium butyrate reversed ataxin-3-Q79-induced hypoacetylation of histone H3 or H4 associated with the proximal promoter of calcineurin B, IP3-R1, myosin Va or PLC β4 gene. Sodium butyrate also prevented ataxin-3-Q79-induced impairment of LTD induction in Purkinje neurons of SCA3 mice. Our results suggest that polyglutamine-expanded ataxin-3-Q79 impairs HAT activity, leading to histone hypoacetylation, downregulated expression of cerebellar genes required for LTD induction and impaired induction of cerebellar LTD in the SCA3 transgenic mouse.